Equestrian sports continue to grow in popularity in the Unites States and abroad, with an estimated 30 million people riding horses annually in the United States alone. Approximately one in five of these riders will suffer a serious injury during their riding career, requiring medical care and potentially hospitalization. Riding carries with it an implicit risk of injury associated with the unpredictability of the animals, the rider's head being positioned approximately 9 feet off the ground, and traveling unrestrained at speeds up to 40 mph. This article reviews common equestrian injuries, epidemiology, mechanism of injury, risk factors, and prevention strategies, with an emphasis on the more dangerous aspects of the sport.
INTRODUCTION
Horseback riding is an increasingly popular activity in the United States and abroad. According to estimates by the U.S. Centers for Disease Control and Prevention (CDC), 30 million people ride horses each year in the United States alone (3, 10) . In addition to those who ride, 1 in 63 Americans have contact with horses on at least a monthly basis beyond time spent in the saddle (8, 12) . Because of the nature of the sport, horseback riding carries with it certain inherent risks, both while mounted and dismounted. Horses weigh an average of 1500 lb, travel up to speeds of 40 mph, and can deliver 1000 N of force in a single kick. When mounted, the rider's head is approximately 9 feet off the ground, unrestrained, and in English riding disciplines, may be perched forward in the saddle while traveling at relatively high speeds. All of these factors contribute to put the rider at significant risk for ejection and falls. Such a fall can deliver 100Y300 g of deceleration to the upper body and head, with the added risk of injury should the horse land on or trample the rider after the fall (2, 13) .
Most equestrian-related injuries occur during schooling or noncompetitive riding, and a large proportion of the injuries involve children and teenagers, with one study finding that 39% of horse-related injuries occurred in patients under the age of 19 yr (10) . In contrast to many other contact and highrisk sports, participants in equestrian activities are predominantly female, particularly at the recreational level (8) . Horse-related injury is the eighth leading cause of emergency department presentation for sports and recreation-related injuries in females (10) . While the rate of overall injury from riding is rather low (2I1000 h j1 riding) compared with other sports such as wrestling (10.7I1000 j1 exposures), football (6.1I1000 j1 exposures), and track and field (5.7I1000 h j1 ), the risk of severe injury from equestrian activities is considered to be higher than that for American football, motorcycle, and automobile racing (10, 14) . Despite the high incidence of fractures reported in the literature, head injuries have been found to be the most common cause of prolonged hospitalizations and deaths due to horseback riding (10, 13) . In Australia, studies have reported an estimated mortality of 1 out of 10,000 riders, with 60% of these deaths from head injuries (14) . While there has been an abundance of recent media attention to the role of concussion and head injury in American football, that related to equestrian sports has been limited.
METHODS
Two electronic databases were searched by the author to identify potentially relevant articles. These databases included Medline (2007Y2009) and the Cochrane database for systematic and complete reviews. A combination of medical subject headings and text words were searched to find appropriate articles. Headings and text words searched included equestrian injuries, equestrian sports, horse injuries, and riding. Limitations then were placed based on dates of publication
INCIDENCE OF INJURY
It is important to realize that incidence reports vary widely among countries, regions, and type of equestrian activity being studied. These numbers are influenced by the popularity of equestrian sports and recreational activities in the region, the access to and likelihood of riders to seek care, as well as the methods of reporting and data acquisition utilized in these studies. A recent review of equestrian injuries in the pediatric population puts horseback riding-related injuries as high as 21% of young riders in a given year (6) . The National Electronic Surveillance System (NEISS) has recently revealed injury estimates between 76,000 and 88,000 equestrian-related injuries per year. These data are collected from numerous large emergency departments across the country, and thus less severe injuries presenting to urgent care facilities or primary care physicians may be underreported (6, 9) . Similarly, the CDC estimates equestrian-related injuries to be as high as 100,000 annually (4). In a given year, one fourth of all lethal sports injuries in children reportedly are caused by horseback riding, with mortality rates among the exposed pediatric population as high as 2.5% (6, 9) . In a review of sports-related deaths in New Zealand, the mortality rate from horseback riding is exceeded only by swimming and rugby (14) . A large 10-yr retrospective review revealed that nearly 30% of riders who ride six or more times per year had been treated by a physician for a horse-related injury within the past 2 yr, and 6% of these riders had required hospital admission for an injury (11) . A survey of almost 700 equestrians with an average of 24 yr of experience noted that 81% had suffered a horse-related injury during their riding career, and 52% of respondents had sought further medical care (12) . Similar to sports such as downhill skiing and snowboarding, it is not so much a matter of if the rider is going to fall, but whether such a fall will result in an injury.
MECHANISM OF INJURY
The mechanism of injury appears to have changed little over the past few decades, and review of the recent literature is relatively consistent. Falling from or being thrown from the horse is the most common cause of injury, with incidence and prevalence reports ranging from 60% to 80% of all equestrian injuries. The next most common mechanisms of injury are being kicked (3%Y15%), followed by being trampled and being bitten. Few studies identified the number of riders who suffered multiple traumas, but in the case of falls and trampling, one would expect multiple injuries (5, 6, 11) . Table 1 demonstrates the similarities in findings across three of the largest and most recent reviews on injury mechanisms in equestrian-related sports.
INJURY PATTERNS
While mechanism of injury has changed little over the years, there has been a gradual shift in the overall injury patterns, which partially may be due to greater use of protective equipment. The majority of recent studies suggest that upper extremity injuries are the most common, whereas earlier studies reported a predominance of head and neck injuries. Again, the relative reduction in head and neck injuries is theorized to be due to the increased use of helmets, whereas upper extremity protective equipment rarely is used. A large study that delineated injury by type versus simply location showed orthopedic injuries to be most frequent at 31%, compared with 20% for brain and spinal cord injuries (6) . The trunk or torso also is a common site of injury, which occurs not only with falls from the horse, particularly when jumping, but also when handling the horse on the ground. These include not just back injuries, but pulmonary and abdominal injuries as well. One consistency across the literature reviewed is the relatively low incidence of lower extremity injuries (6, 9, 11, 13) . Table 2 illustrates the most common injury patterns designated by body region.
RISK FACTORS
Multiple risk factors have been identified in attempts to provide appropriate modifications that would allow for injury prevention. Many of these preventative measures have focused not only on safety equipment, but on education and safety awareness. Novice riders have been found to be at overall increased risk of injury. A large retrospective review found that novice riders with less than 3 yr of experience have a threefold increased risk of injury compared with intermediate riders, fivefold higher than advanced riders, and eightfold higher than professional riders (6, 12) . Other authors have reported a sharp decline in incidence of injury after as Totals may be more than 100% because of some patients with polytrauma being included in multiple groups.
by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited. Copyright @ 2010 little as 18Y100 h of riding experience (12) . However, while novice riders have been shown to have a higher risk of overall injury, professional riders suffer from more severe injuries. This likely is a result of the increased level of difficulty at which they train and compete. They ride at faster speeds and train and compete over significantly increased obstacle heights in jumping disciplines, and particularly at the professional level, there is a tendency to ride and train less experienced or more volatile horses.
The female gender has been identified as an independent risk factor for equestrian-related injury, but that may be biased by the predominance of female riders, particularly at the recreational and amateur levels. Age also is believed to be a relative risk factor, with multiple studies identifying 10Y29 yr of age as the peak age of injury, with pediatric reviews isolating the 13Y15 yr range (11) . Regarding injury severity, failure to wear a helmet has been associated directly with more serious head and neck injuries (6, 11) .
PREVENTION
As with any sporting activity, injury prevention is a primary goal. Prevention strategies generally focus on either protective equipment or education of the athlete to allow modification of sport-specific risk factors. For equestrian activities, protective equipment has focused primarily on the use of appropriate helmets for head and neck protection. While the use of protective riding helmets has been associated with a fivefold reduction in head injuries, most studies report that fewer than 40% of riders are wearing helmets at the time of injury, with some finding numbers as low as 9% (1, 4) . These numbers are even lower for injuries sustained while handling the horse. Mandatory helmet use is now implemented by the majority of riding organizations, particularly in competition settings. The most recent standards for protective headgear for riders were issued by the American Society for Testing and Materials (ASTM). The helmet should be able to absorb up to 300 g, and the retention strength must meet sufficient downward load without failure. It also is important for riders to have a properly fitting helmet, and education regarding this is imperative. While approved helmet use is becoming more common in the competitive setting, it still is difficult to enforce in the recreational or training setting, particularly in riding styles such as Western and Trail riding, as well as Saddle Seat and upperlevel Dressage, in which a soft, nonprotective hat is the traditionally accepted attire for these disciplines. In contrast, approved helmets are much more commonly worn when jumping or riding huntseat, where a hard helmet is considered more traditional attire, in conjunction with riders perceiving jumping as a higher-risk activity that merits a protective helmet. It is interesting to note that the vast majority of serious injuries occur in situations unrelated to jumping. Also, while helmets provide protection to the head and neck, they do not appear to offer protection from facial fractures, and equestrianrelated facial fractures have been found to differ from facial fractures in other sports, having more in common with fracture patterns seen in motor vehicle collisions (10) .
In addition to headgear, protective equipment needs to focus on the high frequency of injuries involving the upper extremities, as well as the torso and abdomen. As demonstrated by injury patterns reviewed, these sites are injured with similar frequencies to the head and neck, with upper extremity injuries even more common, although generally less severe. With regards to the torso, protective vests have been available for some time, and they are becoming more popular, although again often this is seen primarily in the competitive setting, where their use is enforced. These are most commonly worn in the cross-country jumping phase of Three Day Eventing, as well as in the racing and rodeo settings (7, 13) .
Three Day Eventing is a unique equestrian sport and often is considered the triathlon of equestrian events. It involves a day of dressage, a second day of cross-country jumping, and a third day of stadium jumping. Each of these events is completed with the same horse and rider combination, and many riders will ride several horses each day. The most challenging of these days is cross-country, which involves jumping 24 to 36 large, fixed objects, often over ditches and streams, galloping at high speeds over a 3-to 4-mile course to achieve not only a clear jumping round but also to remain within a set time limit. Unfortunately, there is inherent danger in this phase of Eventing, and between 1997 and 2008 there were 37 deaths related to the cross-country phase alone. These tragedies brought attention not only to equipment regulations and course design, but also to the lack of return-to-play guidelines. This is particularly important in the setting of a rider suffering a serious fall with suspected concussion while riding one horse, then returning to the course later in the day to ride a second mount (13, 15) . While the United States Eventing Association (USEA) does not at this time have a formal return-to-play policy, they do strongly endorse clearance by a physician prior to returning to riding after a concussion or significant fall. This is particularly important in young riders who are at an increased risk of prolonged and potentially more severe concussion-related symptoms, as well as catastrophic outcomes that may occur if a second head injury occurs before resolution of prior concussion symptoms.
As for upper extremity fractures, the majority of these involve the wrist and are associated with falling or being ejected from the saddle and landing with great force on an outstretched hand. Wrist guards may prove to be an important addition to protective riding attire. However, the need for a supple wrist and full movement at the wrist for riding makes it difficult to incorporate use of a solid wrist support into the sport. While the literature did not include information regarding injury reduction from wrist protectors in riding, the successful reduction in numbers of wrist and forearm fractures in other sports such as skateboarding and hockey would argue that future research to evaluate the use of wrist guards appropriately adapted to equestrian sports would be useful.
Compared with other injury sites, there is a relatively infrequent occurrence of lower extremity injuries (2, 4, 9, 14) . While there has not been anything recent with regards to prevention strategies for lower extremity fractures, it is well documented that the vast majority of riders V as many as 94% in one study V were wearing protective footwear at the time of injury (11) . Proper riding attire across the disciplines includes a boot with appropriate heel and often a hard toe, thus allowing protection while on the ground as well as in the saddle. The heel of a riding boot, be it Western, English, or paddock, prevents the rider's foot from slipping through the stirrup, thereby reducing the risk of being dragged in the event of a fall. Toe protection also is important in order to prevent injury while handling the horse, since being stepped on is a relatively frequent event and holds potential for significant injury in an unprotected foot, particularly if the horse is shod.
CONCLUSION
Multiple studies over recent years have looked at the incidence, nature, severity, and outcomes of equestrian-related injuries. The vast majority of these studies are retrospective in nature, drawing on databases that are code-driven and then followed with patient questionnaires. Common limitations include coding errors or generalizations, underreporting due to failure to seek medical attention, and loss to follow-up, as well as recall bias. Recent studies also have attempted to evaluate the rate of protective equipment use and to ascertain what affect this equipment may have in limiting both frequency and severity of injury.
This review focused only on the most recent publications, those between the years of 2007 to 2009, with many of the retrospective studies including data from the past two decades. The literature during this timeframe is quite sparse as compared with other more publicized sports, such as football or baseball, and thus required inclusion of studies not just in the United States, but in Europe and New Zealand as well. As equestrian sports continue to increase in popularity and participation, likely the literature and media attention will follow. The goal of this article was to evaluate the recent data and to draw conclusions pertaining not just to the most common mechanisms of injury but to demographics, severity, incidence, and appropriate methods of prevention.
Certain findings were consistent across the literature and are supported by rider demographics. Participants in equestrian activities are predominantly female, particularly at the recreational level. However, the ratio of female to male riders tends to even out more at the higher levels of competition and then switches to predominantly male in certain specific disciplines, such as racing and rodeo (7) . Interestingly, equestrian events are the only high-risk, contact sport in the Olympic Games in which men and women compete against each other and as part of the same team. The overall predominance of female riders and the high incidence of injury in this group make this an important subset on which to focus safety education and injury prevention.
With regards to protective gear, the increased use of certified helmets and protective vests has been associated with increased awareness among riders and the parents of young riders of not only the high risk of head or neck injury, but also the potential severity of injury, including permanent brain injury or death. The vast majority of equestrian organizations now requires the use of certified protective head gear, as well as proper foot attire, and for certain disciplines protective vests while competing or riding on competition grounds. In addition, many stables also have implemented this rule, and others require riders who choose not to wear helmets to sign legal waivers.
While there has been significant coverage in both the media and recent literature highlighting the risks and cumulative effect of multiple concussions in football and soccer players, there still is relatively little focus on this in equestrian sports. The USEA has tried to bring increased attention to the associated morbidity of concussion. Their recent campaign titled ''Wake up to Concussions'' was based on data that riding of any kind, not just jumping, is the third most common cause of sport-related concussion in adults (15) . Their goal was to increase awareness among riders of the common symptoms of concussion as well as the cumulative risks associated with multiple concussions.
The severity of injuries associated with riding disciplines such as Eventing have brought about change and strict enforcement of protective gear use, including ASTM-approved helmets and protective vests during competitions. However, the high incidence of injuries reported during recreational riding, schooling, and training sessions, as well as during handling and tacking the horse, illustrates the need for increased use of protective gear during all types of equestrian activities. It is important for medical providers to understand the unique injury risks associated with riding so we can ask appropriate questions, maintain a high level of suspicion for fall related injuries, and educate our patients about protective equipment and injury prevention.
